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Abstract: This paper describes an agent-based model (ABM) that was developed
to simulate the negotiation process of stakeholders over different land development
scenarios in the Elbow River watershed in southern Alberta, an area subject to
considerable urbanization pressure due to its proximity to the fast growing City of
Calgary. In this initial phase of development, the stakeholders represented as
agents include representatives of a Municipal District and two non-profit
organizations. The modeling framework contains three main components: a web
interface designed to facilitate the interactions of the users with the system, a
PostgreSQL database in which data regarding the stakeholders’ preferences are
stored that uses PostGIS plugin for spatial functionalities, and an ABM developed
in Java that accesses Repast Simphony libraries to simulate the negotiation
process among stakeholders. The negotiation starts by a development plan being
submitted by a user (stakeholder) through the web interface. The ABM module
receives this plan and conducts the negotiation process in a step-wise manner. In
each time step, the agents move the proposed plan to a new location and evaluate
that location based on their stored criteria, using GIS tools provided by Repast
Simphony and PostGIS. The limits of the search space are specified by the plan
proposer. As the decision makers are often not willing to assign crisp numerical
values to the relative importance of their criteria, in this model the users compare
their preferences using linguistic expressions. Due to the uncertainty and fuzzy
nature of such comparisons, the agents make use of a fuzzy Analytic Hierarchy
Process (AHP) to prioritize their criteria and to bring fuzziness into the pairwise
comparison of AHP. In the final step, the ABM investigates the highly ranked
locations of all agents to find a common area which is outputted as the result of the
negotiation. The proposed simulation model facilitates the interactions of
stakeholders who have different perspectives regarding potential land development
scenarios in the watershed and allow them to reach an acceptable agreement
considering their own preferences along with other stakeholders’ preferences.
Keywords: Agent-based modeling, negotiation, Fuzzy analytic hierarchy process,
coupled natural/human systems
1

INTRODUCTION

Landscapes are coupled natural/human systems in which both social and
biological factors interact in shaping patterns and dynamics (Turner et al. 2007),
and neglecting any of these components yields an incomplete picture (Walsh and
McGinnis 2008). One of the most critical aspects of such systems is the role of
“human actors”. Due to the technical complexities involved in modeling human-like
behaviors, this component has either been neglected or underestimated in
computer modeling of natural systems. These difficulties are not only caused by
the complicated nature of human decision making, but are also related to the
interactions of human actors with themselves and their surrounding environment.
Therefore, in many computer models, a community of people are substituted by an
average, ignoring different and even conflicting viewpoints involved in that
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community. Moreover many conflicts between the stakeholders can be resolved
through consideration of others’ viewpoints and appreciation of their perspectives
(Forester, 1999).
The goal of this study is to incorporate viewpoints of human actors (stakeholders)
in the context of land development in the Elbow River watershed in southern
Alberta considered as a coupled natural/human system. Moreover this study aims
at creating an environment through which the stakeholders can learn and
appreciate each other’s’ perspectives about land development in the watershed
and find the alternative plan that satisfies their preferences. To achieve this goal,
an agent-based model was developed which employs the fuzzy AHP technique to
simulate the negotiation process of the stakeholders. Compared to other methods,
such as participatory approaches (Bousquet et al., 2005), optimization techniques
(Ito et al. 2012), and knowledge-based approaches (Klein, 2004), the fuzzy AHP
technique offers several advantages.
In participatory approaches, the status and legitimacy of the researchers in the
process could be questionable (Bousquet et al., 2005); it also requires the strong
involvement of the stakeholders throughout the modeling process, which is not
feasible in many cases. Optimization techniques require a priori knowledge of the
utility functions of the stakeholders (Kersten and Noronha, 1998), which are not
always available or meaningful. In comparison, the fuzzy AHP is a multi-criteria
decision making approach that takes into account the vagueness of the human
thinking in a context of uncertainty. First proposed by Van Laarhoven and Pedrycz
(1983), fuzzy AHP has long been used in group decision making (Mikhailov, 2003),
though employing it in an ABM framework (López-Ortega and Rosales, 2011; Gao
and Hailu, 2012) is a fairly new notion. While in classical AHP, the stakeholder is
asked to provide a deterministic comparison of his criteria, in fuzzy AHP he can
express them as linguistic judgment intervals (Leung and Cao, 2000).
In this paper, three stakeholders who represent a Municipal District and two nonprofit organizations are represented as agents. A web-based application is
developed so that the users (stakeholders) can easily access the system. During
the negotiation process, agents of the model use the fuzzy AHP method to find the
alternative which satisfies the preferences of all agents in a cumulative manner.
The ABM serves as a simulation laboratory through which the stakeholders are
able to explore various scenarios of land development and examine how their
perspectives are perceived by other stakeholders in order to find the best-fit
scenario.
2

METHODOLOGY

2.1

Study area

The Elbow River, which is an important tributary of the Bow River in southern
Alberta, originates from Elbow Lake in the Elbow-Sheep Wildland Provincial Park in
the Canadian Rockies. Passing Bragg Creek, Springbank and the Tsuu T'ina
reserve, it enters the City of Calgary where it merges into the Bow River. The
watershed occupies an area of 1200 km2 and supports several uses including
supplying the drinking water, irrigation for crops, and various recreational activities.
Sixty-five percent of the watershed is located in the Kananaskis Improvement
District and the remaining area is divided among the Municipal District of Rocky
View (20%), the Tsuu T'ina Nation (10%), and the City of Calgary (5%) (Elbow
River Watershed Partnership 2012). Figure 1 shows a detailed map of the
watershed boundaries.
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Figure 1. Th
he Elbow Rivver watershed
d
2.2

Impllementation
n details

Figure 2 provides a scchematic rep
presentation of the differrent compon
nents of the
modeling system.
s

matic representation of th
he developed
d web-based
d ABM
Figurre 2. A schem
2.2.1 Data
a collection and storage
The first sttep in the development of the propo
osed system
m is to collecct data and
store them
m in the dattabases. A main
m
data source
s
is the informatio
on gathered
through intterviews with
h stakeholde
ers during which they dis
scussed their mandate,
goals, con
ncerns, and
d preference
es regarding the land
d developme
ent in the
watershed.. This inform
mation was used
u
to build the databasse of each stakeholder.
s
For instancce if a stakeh
holder was concerned
c
ab
bout preserviing the aquiffer, the map
of the aquifer was obta
ained and inp
putted to the
e databases to be accessible by the
ABM. Sincce the data were
w
obtaine
ed through se
everal source
es, the ArcG
GIS software
package was
w used for data prepara
ation. The da
ata preparation includes unifying the
maps’ coorrdinate syste
ems and rem
moving the no
on-developable regions in the study
area. Inform
mation was also
a
gathere
ed about how
w each stake
eholder evalu
uates a land
developme
ent plan. Thiss information was used to
o build the ag
gents' behavvior.
PostgreSQ
QL was used
d as a free
e and open source objject-relationa
al database
manageme
ent system (ORDBMS)
(
to store and manage these
t
data. Apart from
being free, the main rea
ason for this selection is the spatial capabilities
c
th
hat PostGIS
provides. PostGIS
P
is an open so
ource softwa
are program that adds support for
geographic
c objects to the
t PostgreS
SQL databasse. Another reason
r
for th
his selection
is that Pos
stGIS implem
mentation is based
b
on "lig
ght-weight" geometries
g
a indexes
and
that are op
ptimized, whiich reduces disk and me
emory footprrint. The com
mmunication
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between th
he agents an
nd the spatia
al data were
e enabled by
y PostGIS th
hrough SQL
specificatio
ons.
2.2.2 Buillding the we
eb interface
All the inte
eractions of the
t users witth the model are done th
hrough a we
eb interface.
These interractions inclu
ude submittin
ng a new lan
nd development plan, com
mparing the
criteria reg
garding the evaluation
e
o a plan, inp
of
putting the negotiation
n
parameters,
p
and receiving the resultts of the negotiation.
A set of on
nline GIS too
ols are provided to the user by mea
ans of Open
nLayers and
Geoserver.. Openlayerss is an open source Ja
avaScript librrary for disp
playing map
data in we
eb browsers while Geose
erver is an open-source
e server writtten in Java
which allow
ws users to share
s
and ed
dit geospatia
al data. The componentss of the web
interface was
w develope
ed using Oracle ADF face
es and functionalities we
ere added to
the client side using JavvaScript.
2.2.3 Mod
deling the ne
egotiation process
p
To perform
m a web-base
ed ABM neg
gotiation usin
ng the fuzzy AHP approa
ach, the first
step consists in askiing the use
ers to comp
pare their criteria
c
usin
ng linguistic
expressions. Figure 3 shows the web page that was de
esigned for the criteria
comparison
n. Each row on this page
e contains th
hree drop dow
wn menus. The
T left and
right menus list two sim
milar criteria, while the one in the centre containss the verbal
comparison
ns which can
n be used to compare the
e two criteria.

Figure 3. Web
W page de
esigned for the linguistic comparison of stakehold
ders’ criteria
The criteria
a comparison
n is stored in
n the respecttive database
e of each ag
gent through
the procedure describe
ed in section
n 2.2.1. Afterr comparing the criteria, the user is
permitted to
t submit a new
n
land devvelopment plan
p
using the web interfface. A land
developme
ent includes the location and dimenssions of a ne
ew developm
ment. Along
with this de
evelopment plan,
p
three main
m
parameters are tran
nsfered to the
e ABM. The
first one is
s the dimenssions of the search spacce. By depiccting this dim
mension the
user conve
eys how fle
exible he/sh
he is with the
t
location of the pla
an. Another
parameter that is ente
ered by the user is the search inte
erval, which depicts the
resolution of
o the searcch. The third parameter which is dettermined by the user is
his/her min
nimum satisffaction perce
entage. Thiss is required
d to make a conditional
sum of the
e results. The
e reason forr applying su
uch a minim
mum is to avo
oid a 100%
satisfaction
n for one stakkeholder whiile the other one is 0% sa
atisfied.
After receiving the lan
nd developm
ment plan an
nd the nego
otiation parameters, the
ABM startss the negotiation in a step-wise
s
ma
anner. This step-wise simulation is
performed using the scheduled me
ethods of th
he Repast Simphony Javva libraries.
During eac
ch time step,, the plan is moved to a new locatio
on where it is
s evaluated
against the
e agents’ critteria. To perfform this eva
aluation, eac
ch agent con
nnects to its
database and
a performss several spa
atial and non
n-spatial ana
alyses on the
e data using
PostGIS an
nd Repast Simphony
S
fun
nctionalities. For example
e if the agen
nt’s criterion
is to respecct a setback from the river, the agent calculates the distance
e of the plan
from the rivver boundaryy to obtain an
a evaluation
n of the plan from this po
oint of view.
After calcu
ulating the numerical values
v
for these
t
evalua
ations, the values are
normalized
d to have a uniform scale for judgmen
nt.

M. Pooyandeh and D.J. Marceau / Agent-based simulation of stakeholders' negotiation regarding land
development scenarios using a Fuzzy Analytic Hierarchy Process

Then each agent performs a fuzzy AHP operation on the results to prioritize the
criteria and sort the locations based on the weighted criteria. The analytic hierarchy
process (AHP) is an extensively used technique for multi criteria decision making
(Saaty 2008). The basic idea behind the AHP is structuring the problem into a
hierarchy of different levels. Each level of this hierarchy consists of a number of
elements which can be compared to one another, two at a time. The AHP uses
these comparisons to prioritize the elements of the hierarchy. Although the AHP
approach has been a popular approach for several years, in many cases the
decision maker’s preference model is uncertain and fuzzy (Mikhailov 2003);
therefore this approach is being criticized for neglecting the vagueness of the
human thinking (Deng 1999). To avoid assigning crisp values to the human
preference model, such uncertain judgments can be expressed as fuzzy sets or
fuzzy numbers. Fuzzy set theory is a mathematical theory proposed by Zadeh
[1965] to model the vagueness or imprecision of human cognitive processes.
A normal fuzzy set
is a triangular fuzzy number which can be expressed as
, ,
where where
is the most possible value and and are the lower and
the upper bounds. This number has a linear piecewise continuous membership
with the following characteristics (Dubois and Prade 1980):
function
1. A continuous mapping from to the closed interval 0,1 ;
0 for all ∈ ∞, and for all ∈ , ∞ ;
2.
3. Strictly linearly increasing on ,
and strictly linearly decreasing on , ;
1 for
.
4.
The fuzzy AHP process workflow contains four main steps:
1- Fuzzifying the crisp pairwise comparison matrix
After the user submits the pairwise comparison of his criteria by verbal judgments,
the pairwise comparison matrix of criteria is built using Table 1. In the first step, the
⋯
⋮
⋱
⋮
crisp PCM,
is fuzzified using the membership function to
⋯
⋯
⋮
⋱
⋮
obtain the fuzzy PCM,
.
⋯
Table 1. Scales in pairwise comparisons (Adapted from Saaty 2008)
Intensity of importance
Verbal judgment of preference
1
Equally Important
3
Weakly more important
5
Strongly more important
7
Very strongly more important
9
Absolutely more important
2. Fuzzy extent analysis
Fuzzy extent analysis is applied to get the fuzzy decision or performance matrix
and fuzzy weights . This will yield the fuzzy weighted performance matrix .
∑
∑

∑

⋮

∗

⋮

⋮

When this stage is finished, the total weighted performance matrix for each
alternative is calculated.
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3. Alpha cut analysis
To make a crisp choice among the alternatives, the alpha-cuts-based method is
needed for checking and comparing fuzzy numbers (Wang 1997). The alpha cut is
determined to account for the uncertainty in the fuzzy range chosen.
,
,
⋮
,
∗

_
_

_
_

∗

_
_

4. Lambda function and normalization of crisp values
Through the alpha cut analysis, two values are obtained, namely Alpha_Right
(maximum range) and Alpha_Left (minimum range), which need to be converted
into a crisp value. This is done by applying the Lambda function which represents
the attitude of the stakeholder.
_

∗

1

∗

∑

∗

1

∗

, where

0,1

⋮

After prioritizing the alternative locations for each agent, a conditional sum is
conducted to find the location that is most satisfying to all agents. The results are
summed based on the minimum satisfaction percentage inputted by the user. By
enforcing the conditional summation of results, we ensure that all agents are
satisfied at a certain level. This will avoid a result which is biased towards a single
agent or a group of agents.
2.2.4 Running simulations
In a run of the system, four main steps are followed:
1. A land development plan, along with a number of parameters is proposed
by the user through the web interface and is transferred to the ABM.
2. At each time step, each agent in the model moves the development plan
around a search space and evaluates each new location.
3. Each agent employs the fuzzy AHP approach to prioritize the locations
based on its stored preferences.
4. The agents report the results and the best location for the development
plan is determined through a conditional sum of the results.
To test the capabilities of the system, a hypothetical land development plan along
with the negotiation parameters were proposed through the web interface (refer to
section 2.2.3 for the details regarding these parameters). The model was tested
using three agents.
3

RESULTS

Figure 4 illustrates the web page designed for the output of the negotiation
process. The location proposed as the most satisfactory location for all agents is
shown in this figure. A transparent mesh is overlaid on top of the map that
represents the candidate locations which have been evaluated by the agents. On
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the left side
e of the page
e, the satisfa
action factorss for each ag
gent at each location are
displayed both
b
in a table and as a graph.
g
The conditional
c
o
overlay
performed in this
study guara
antees that all
a agents arre satisfied to
o a certain degree, which
h is 60% for
this study. If the minimum satisfacttion for all ag
gents is not satisfied, the
e procedure
is repeated
d with a new search area.
To evaluatte the resultts of our syystem, an offfline proced
dure was co
onducted to
compare the results. The analyse
es that werre performed
d by the ag
gents using
PostGIS and
a
Repast Simphony, were manu
ually perform
med using the
t
ArcGIS
software package,
p
i.e.. at each time step, th
he spatial an
nalyses werre manually
performed. Then the results of these
t
analyyses were in
nputted to a MATLAB
software pa
ackage to co
onduct the fu
uzzy AHP prrocedure and
d prioritize th
he locations
for each agent.
a
The results
r
of th
he two different procedures yielded
d the same
location as the outcome
e.

4 Results off the negotiattion process:: left) the sco
ore of each evaluated
e
Figure 4.
location
n for each ag
gent, right) th
he evaluated locations an
nd the positio
on of the
se
elected locatiion
4

CON
NCLUSIONS
S

The goal of
o this study was to cons
sider the pe
erspectives of
o different stakeholders
regarding land develop
pment scenarios in the Elbow River watershed.
w
T
Through
this
incorporatio
on the stakeholders can learn about each other’ss preferencess and ideals
and apprec
ciate a perspective whicch might con
nflict with the
eir own goals. While in
many real world cases the prefferences off less influe
ential stakeh
holders are
underestim
mated, in this study the ag
gents don’t have any prio
ority over eacch other.
This model facilitates interaction
i
a
and
learning among the stakeholderss through a
number of ways. First, working with
h this model enables the
em to observ
ve how their
desired lan
nd development scenario
o is perceived
d by others and
a to underrstand each
other’s persspectives. Th
his could lea
ad to a collecctive learning
g of the issue
es regarding
the land de
evelopment in
n the watershed.
To hide the
e complexitie
es of the com
mputer mode
el, an easy-to
o-use web interface was
designed to
o address th
he needs of users with any level of expertise. Moreover,
M
a
fuzzy approach was implemente
ed to avoid
d assigning crisp valu
ues to the
stakeholde
ers’ preferences. Work currently in progress consists
c
in running
r
the
model with
h additional agents and data corressponding to real land development
scenarios to
t assess the
e utility of th
he proposed system in guiding decision making.
Moreover new
n
algorithm
ms are being
g tested to make
m
the wh
hole negotiation process
automated, i.e. if the sa
atisfaction is not obtained
d in the first step,
s
the age
ents change
their weights automaticcally to facilita
ate the nego
otiation.
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